Summary: The insulin tolerance test was performed in 16 severely depressed patients on admission to hospital and after treatment with electric convulsion therapy. The mean plasma cortisol response to hypoglycaemia was significantly impaired before treatment, particularly in the patients who also showed resistance to dexamethasone suppressin The results are consistent with hypothalamic-pituitary insensitivity to hypoglycaemia in these subjects.
Introduction
An abnormality of hypothalamic-pituitary-adrenal function has recently been described in depressive illness. Depressed patients were found to be unable to suppress their plasma levels of cortisol normally after receiving exogenous steroids, but normal suppression occurred on recovery (Butler and Besser, 1968 ; Carroll et al., 1968) .
To further define hypothalamic-pituitary function in this illness the plasma cortisol response to insulin-induced hypoglycaemia has been investigated.
Subjects and Methods
Sixteen patients with severe depressive illness were studied. Their ages ranged from 42 to 77, with a mean of 61 years. The criteria for inclusion in the study have been previously described (Carroll et al., 1968) . All were treated with electric convulsion therapy and none received antidepressant drugs concurrently. Amylobarbitone was given as required for sedation.
The response to hypoglycaemia was measured by the standard insulin tolerance test (Greenwood et al., 1966) , beginning at 8.30 a.m. and extending over 90 minutes. The criteria for responses to the insulin tolerance test which we have adopted are discussed in detail elsewhere (Carroll et al., 1969) . A positive response when the blood sugar falls below 45 mg./100 ml. is defined as a rise in plasma cortisol of greater than 5 ftg./ 100 ml. together with a maximal level of at least 25 1tg./ 100 ml. If only one of these criteria is satisfied the response is regarded as impaired. Failure to satisfy either criterion constitutes a negative response.
In 13 subjects the midnight dexamethasone suppression test was also performed on admission and after treatment (Carroll et al., 1968 ). An interval of at least two days occurred between this test and the insulin tolerance test.
Plasma cortisol was measured as total 11 -hydroxycorticosteroids by the fluorometric method of Mattingly (1962) . Blood sugar was measured by a ferro-ferricyanide method with an AutoAnalyzer (Technicon).
Results
The falls in blood sugar and the rises in plasma cortisol obtained during the insulin tolerance tests are summarized in Table I Fasting plasma cortisol (pg./ 100 ml.)
.
19-4 ± 1-9 5-8-31-6
16-8 ± 1-7 8 5-30 4
Rise in plasma cortisol (jig./ 100 ml.).
9-3 ± 1-6 2-5-232 15-9 ± 1-55t 51-23-2 *P<0.05. tP<0.01.
The rise in plasma cortisol on recovery was significantly greater than the rise obtained while the subjects were depressed (t=3 08, P<0 01). In 14 of the 16 cases the rise in cortisol was greater on recovery, and an analysis of variance of the plasma cortisol responses also supports this conclusion (F= 6-34, P<0 03). The variation in response which is found between subjects does not account for the differences observed within subjects on repeating the-test. Data for individual subjects are given in Table II.   TABLE II In the depressed phase the patients had fasting blood sugar levels significantly higher than their levels on recovery, but the rate of fall in blood sugar and the absolute fall in blood sugar was similar on each occasion.
A significant correlation was found between the minimum blood sugar levels and the plasma cortisol rises in the recovery phase (r= -0-546, P<0 02). In the depressed phase, however, the correlation was poor (r=-0 366, N.S.). Thirteen subjects received the 2-mg. midnight dexamethasone suppression test before and after treatment. In six cases no suppression occurred on admission, but a normal response to dexamethasone was found after treatment. There was no significant change in the response to dexamethasone of the remaining seven subjects.
For the whole group a significant negative correlation was found between the post-dexamethasone 8 30 a.m. plasma cortisol levels and the rises in plasma cortisol during the insulin tolerance test (r= -05447, n-_26, P<0 01). For the group showing reversible resistance to dexamethasone the correlation found was highly significant (r=-0 7813, n= 12, P<0 001). No correlation was found for the group showing no change in their response to dexamethasone (r=z-0 3476, n= 14, P= N.S.) (see Chart) . The six patients with reversible resistance to dexamethasone had a mean increase of 83 % in response to the insulin tolerance test after treatment compared with their responses before treatment, while the other group had a mean increase of 11 00. 
Discussion
The mean plasma cortisol response to hypoglycaemia was significantly greater on recovery than in the depressed phase. The responses found on recovery are in good agreement with those reported for normal subjects (Greenwood et al., 1966) .
The greatest changes in response to hypoglycaemia occurred in the group who also showed a change in response to dexamethasone. Subjects with Cushing's syndrome are also known to be unresponsive to hypoglycaemia (Bethge et al., 1969 ; James et al., 1968) .
The results are consistent with an impairment of hypothalamic-pituitary responsiveness to hypoglycaemia in some depressed patients associated with the previously described abnormality of feedback control (Carroll et al., 1968) . Other explanations of the results are possible and are briefly considered.
The raised basal levels of plasma cortisol indicate that adrenal insensitivity to adrenocorticotrophic hormone (A.C.T.H.) is not present in the depressed phase. This has been confirmed in depressed patients by finding normal responses to A.C.T.H. infusions and no significant change after treatment (Carroll and Martin, in preparation) . Inhibition of A.C.T.H. release by amylobarbitone during the depressed phase may be considered. There is good experimental evidence, however, that the plasma cortisol response to hypoglycaemtia is not affected by barbiturates, at least in the cat (Kreiger et al., 1968) . The last dose of amylobarbitone was given 12 hours before beginning the insulin tolerance test. All the patients received similar amounts of amylobarbitone on the nights before each test, so that the difference between the two subgroups described is unlikely to be a drug artifact.
The degree of hypoglycaemia was greater in the recovered phase. The mean minimum blood sugar (37 mg.l00 ml.) in the depressed phase was nevertheless well below the level of 45 mg./100 ml. regarded as necessary to stimulate an adrenocortical response in normal subjects (Greenwood et al., 1966) . The omission of the results of four patients whose blood sugar levels did not fall below 45 mg./100 ml. when depressed does not affect the result: a significant difference between the plasma cortisol responses is found for the remaining 12 subjects (to 2 88, P<002).
None of these possibilities appears to be adequate to account for the results obtained. The association of change in sensitivity to hypoglycaemia with change in sensitivity to dexamethasone suggests that the impaired plasma cortisol responses to hypoglycaemia may be due to reversible hypothalamicpituitary dysfunction in these patients.
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